Objective: To determine the efficacy of chest compression accompanied by a 10-cmH 2 O increase in baseline inspiratory pressure on pressure support ventilation, in comparison with that of aspiration alone, in removing secretions, normalizing hemodynamics, and improving respiratory mechanics in patients on mechanical ventilation. Methods: This was a randomized crossover clinical trial involving patients on mechanical ventilation for more than 48 h in the ICU of the Porto Alegre Hospital de Clínicas, in the city of Porto Alegre, Brazil. Patients were randomized to receive aspiration alone (control group) or compression accompanied by a 10-cmH 2 O increase in baseline inspiratory pressure on pressure support ventilation (intervention group). We measured hemodynamic parameters, respiratory mechanics parameters, and the amount of secretions collected. Results: We included 34 patients. The mean age was 64.2 ± 14.6 years. In comparison with the control group, the intervention group showed a higher median amount of secretions collected (1.9 g vs. 2.3 g; p = 0.004), a greater increase in mean expiratory tidal volume (16 ± 69 mL vs. 56 ± 69 mL; p = 0.018), and a greater increase in mean dynamic compliance (0.1 ± 4.9 cmH 2 O vs. 2.8 ± 4.5 cmH 2 O; p = 0.005). Conclusions: In this sample, chest compression accompanied by an increase in pressure support significantly increased the amount of secretions removed, the expiratory tidal volume, and dynamic compliance. 
of aspiration alone in terms of the amount of secretions removed, hemodynamic effects, and respiratory mechanics. randomizer.org/), through which patients were allocated to undergo one of two techniques, and then, in the subsequent period, patients underwent the other technique.
Methods
We included patients who had been on MV for more than 48 h, had not been diagnosed with ventilator-associated pneumonia, had a positive end-expiratory pressure ≤ 10 cmH 2 O, had an adequate respiratory drive, had undergone aspiration 2 h prior to the protocol being applied, and were hemodynamically stable (mean arterial pressure ≥ 60 cmH 2 O). The exclusion criteria were having contraindications to increasing positive pressure (undrained pneumothorax and hemothorax or subcutaneous emphysema), having been diagnosed with osteoporosis, having a peak pressure > 40 cmH 2 O, being a neurosurgical patient, or having declined to participate in the study.
Following inclusion, all participants were placed in the supine position, with the head of the bed elevated 30°, and underwent a single aspiration (number 12 tube; MarkMed Ind. e Com. Ltda, São Paulo, Brazil) with vacuum set at −40 cmH 2 O of pressure. All participants underwent aspiration 2 h prior to the application of both techniques-this procedure was performed to equate the groups in terms of secretion volume. After that period, hemodynamic and pulmonary parameters were assessed, the results of which corresponded to the patient's baseline evaluation.
Patients randomized to the control group were ventilated with 100% FiO 2 for 1 min. Subsequently, each patient was disconnected from the ventilator and underwent aspiration for 15 s, three times. The secretion collected was stored in a collection
Introduction
Most ICU patients require invasive ventilatory support and are therefore subject not only to the benefits gained from the institution of that support, such as maintenance of gas exchange and decreased work of breathing, but also to the deleterious effects associated with it, such as the impairment of the mucociliary transport and mucociliary clearance mechanisms. (1, 2) This impairment, in turn, can lead to stasis of secretions in the airways and consequently result in bronchial obstruction, (3) which, in the long term, can cause atelectasis and episodes of hypoxemia. In addition, accumulation of bronchial secretions favors the multiplication of microorganisms in unventilated areas, leading to the establishment of respiratory infections, such as ventilator-associated pneumonia. (4) (5) (6) Some physiotherapy techniques aim to enhance mucociliary clearance and thus prevent bronchial obstruction caused by accumulation of secretions. Chief among these techniques is manual expiratory passive therapy, which is defined as compression of the patient's chest during the expiratory phase with the aim of accelerating expiratory flow and moving secretions from peripheral to central airways, thereby facilitating their expectoration. (7, 8) The technique of chest compression alone is not always efficient. This is because patients on mechanical ventilation (MV) have impaired mucociliary clearance, which, combined with reduced expiratory flow, results in accumulation of secretions. The combination of techniques that are routinely used by physiotherapists in the ICU, together with adjustment of ventilator settings, can result in greater effectiveness in removing secretions. Therefore, MV can be combined with techniques that increase inspiratory flow, such as ventilator hyperinflation. This technique aims to increase alveolar ventilation and thus facilitate the cough mechanism, assisting in mucus transport. (9, 10) One way to perform ventilator hyperinflation is to increase pressure support (PS) progressively until a peak airway pressure of 40 cmH 2 O is reached. The application of this technique has resulted in a trend toward an increase in static compliance and in the amount of secretions collected. (11, 12) The objective of the present study was to compare the efficacy of chest compression combined with a 10-cmH 2 O increase in baseline inspiratory pressure on PS ventilation with that Chest compression with a higher level of pressure support ventilation: effects on secretion removal, hemodynamics, and respiratory mechanics in patients on mechanical ventilation test was used for variables with nonparametric distribution, whereas the chi-square test and Fisher's exact test were used for categorical variables.
Results
Between May of 2008 and May of 2010, 34 individuals were included in the study. There was a predominance of male patients, the mean age of the patients was 64.2 ± 14.6 years, and the most common pathology was sepsis (in (41.2%). The other characteristics of the sample are shown in Table 1 .
Assessment of variations in HR revealed that, in comparison with the control group, the intervention group showed an increase in HR after the intervention. However, this increase was not clinically relevant. Assessment of variations in RR revealed no significant differences between the groups. In contrast, assessment of variations in V Texp revealed that the intervention group showed a significant increase in V Texp after chest compression combined with hyperinflation, and the same was true for the assessment of variations in Cdyn, i.e., the intervention group showed a significant increase in Cdyn when compared with the control group. Assessment of the other parameters analyzed revealed no significant differences between the groups (Table 2) .
When the mean amount of secretions collected was evaluated, we found that, in comparison with the control group, the intervention group showed a significant increase in the amount of secretions collected (p = 0.004; Figure 1 ). vial (Intermedical ® ; Intermedical-Setmed, São Paulo, Brazil). Hemodynamic and pulmonary parameters were reassessed for variations 1 min after the aspirations, characterizing the control group.
When patients were randomized to the intervention group, they equally underwent aspiration 2 h prior to the procedure, in accordance with the previously described sequence. They were placed in the supine position and received chest compression combined with a 10-cmH 2 O increase in baseline inspiratory pressure on PS ventilation. Subsequently, they underwent aspiration, and secretion was collected in the same way as for the control group patients. Hemodynamic and pulmonary parameters were reassessed 1 min after the technique was applied, and the results were recorded on a data collection sheet. The secretions collected were then weighed in the same way as for the control group, and weight values were recorded on a data collection sheet.
The secretions collected were weighed on a Cubis ® scale (Sartorius, Bohemia, NY, USA) in the HCPA Microbiology Laboratory. All measurements were performed by a blinded collaborator who was not part of the study team, and weight values were recorded on a data collection sheet.
We assessed hemodynamic parameters, such as HR, RR, mean arterial pressure, and SpO 2 (IntelliVue MP60 monitor; Philips Medizin Systeme Böblingen GmbH, Böblingen, Germany). Respiratory assessment involved measuring peak inspiratory pressure, expiratory tidal volume (V Texp ), and dynamic compliance (Cdyn), and these parameters were assessed prior to and after the techniques were applied. Delta values were defined as the difference between baseline and post-treatment values.
The sample size required to obtain a difference of 0.7 ± 1.0 g of secretion collected or more between the groups for a p value < 0.05 and a study power of 80% was calculated to be 32 patients. We used the Statistical Package for the Social Sciences, version 18.0 (SPSS Inc., Chicago, IL, USA). Quantitative data are expressed as mean and standard deviation, whereas categorical data are expressed as absolute and relative frequencies. The groups were compared with the t-test for paired and independent samples and by using the general linear model analysis of variance for variables with normal distribution (as confirmed by the Kolmogorov-Smirnov test). The Wilcoxon 
Discussion
In the present study, we found that the use of chest compression combined with an increase in PS caused an increase in the amount of secretions collected. In addition, it caused significant increases in V Texp and Cdyn.
Some authors have shown that hyperinflation techniques can prevent lung collapse, reexpand areas of atelectasis, improve oxygenation and lung compliance, and increase the movement of secretions from small to central airways. (1, 7, (12) (13) (14) This is due to the increase in tidal volume caused by hyperinflation, which expands the normal alveoli and thus, through the mechanism of interdependence, ultimately reexpands the collapsed alveoli. (15) We showed that chest compression combined with an increase in PS increases the amount of secretions collected, which was similarly reported by Lemes et al., who, in a randomized crossover study, found a trend toward an increase in the amount of secretions collected after hyperinflation, with increases in PS, in patients on MV. (8) In contrast, Unoki et al. showed that, in comparison with tracheal aspiration, chest compression alone resulted in no increases in the amount of secretions collected. (16) It is possible that chest compression has greater effectiveness when combined with strategies of increasing tidal volume in patients on MV.
The fact that there was a significant increase in V Texp in the intervention group (i.e., those who received chest compression combined with an increase in PS) as compared with the control group is an expected finding, because it is known that increases in inspiratory pressures cause increases in lung volumes. In addition, the increase in peak inspiratory flow caused by hyperinflation can assist in moving secretions from smaller to larger airways, assisting the mucociliary mechanism, reducing airway resistance, and thus contributing to an increase in lung volumes. (17) (18) (19) Likewise, there was a significant increase in Cdyn in the intervention group as compared with the control group. This result corroborates the findings of Berney et al., who reported a significant increase in lung compliance after ventilator hyperinflation. (9) Savian et al. presented similar findings, attributing the increase in lung compliance to the fact that hyperinflation leads to better airflow distribution, resulting in re-expansion of collapsed lung units. (7) One alternative to ventilator hyperinflation accomplished by increasing PS is manual hyperinflation, which has the same therapeutic goals, with a manual resuscitation bag. (20) Comparison of the two techniques reveals similar results in terms of secretion volume, improvement in respiratory mechanics, and hemodynamic stability. (21, 22) However, ventilator hyperinflation has a significant advantage in that it enables monitoring of the pressures, volumes, and flows used during its performance, thereby allowing fine tuning of the technique. (23) Another important factor is evident in the study by Ortiz et al., who evaluated the efficacy of manual hyperinflation in a lung model and showed that, although the technique yields safe values of alveolar pressure, it may not promote secretion removal because peak inspiratory flow exceeds peak expiratory flow. (24) We conclude that, in comparison with aspiration alone, chest compression combined with an increase in PS significantly increased the amount of secretions collected. In addition, it significantly increased V Texp and Cdyn.
